Abstract
care and treatment started in 2003. As of 2016, the clinic cares for 11,127 HIV infected patients that is about 90 to 130 patients every day. This institution provides HIV testing including CD4 cell count monitoring every 6 months, health care consultation, counseling, and ART medication for those with CD4 count � 350 cells/mm 3 free of cost. Ethical approval was obtained from the Gondar University School of Medicine research and ethical review committee (SOM-2310706). Consent form was explained and written consent was obtained from all the participants.
Patients of both sexes attending UOGH HIV care clinic and aged �18 years were eligible for inclusion. All the participants signed written informed consent agreeing on participation and permitting to use their medical records/files. From the information, a total of 29 participants with additional medical conditions like; active tuberculosis (TB) patients and receiving treatment during study period (37.9%), cognitive disorders (3.4%), history of peripheral nerve injury (10.3%), chronic renal conditions (13.8%), active opportunistic infection (17.2%), leprosy (3.4), vitamin B12 deficiency (10.3), severe communication impairments (3.4) , and were excluded from this study. Among the 29 excluded participants, 9 diabetic HIV patients with additional medical conditions like current TB, and renal disease were excluded.
Sample determination and sampling procedure
The sample size required for this study was determined using single population proportion formula by assuming the prevalence to be 35% from previous research [27] , with a 95% confidence interval, and 5% marginal error. The derived sample size was n = 326. Accounting for an estimated non-response or refusal rate of 10%, the required sample size was n = 359.
The study population was considered homogeneous and as indicated by the unpublished prior feasibility pilot study, a systematic random sampling was implemented. From the HIVinfected patients attending HIV care clinic each day during the study period, K th patient was selected and the first person between 1 and K was randomly chosen, then taking every K th number thereafter, where K th was a sampling interval on the register list made for the day.
The K th (K = 6) was determined by dividing the total number of participants on the list (N), by the sample size. The procedure was repeated until estimated eligible sample size was reached; a sample of 359 was included from the total pre-registered number of 2108 for the month (Fig 1) .
Study procedure
Demographic and clinical data. Participants demographic, clinical and laboratory data were extracted from the medical chart and by using a purposely prepared structured questionnaire by trained nurses. Behavioural characteristics like alcohol consumption, smoking, khatchewing, and physical activity were self-reported. Clinical staging based on WHO guidelines [28] were done as a part routine by clinicians. Physical measurements such as height and weight were measured and results of the screening were recorded onto a standardized form.
HIV-associated sensory neuropathy data. Prior to data collection, a two-day intensive training was given to data collectors (physiotherapist) by the principal investigator (KS) and clinical neurologist of UOGH following which a pre-test of data collection was carried out with 15 PLHIV. Brief peripheral neuropathy screening tool validated by the AIDS Clinical trial Group (ACTG) [20] was administered by a trained physiotherapist. In this screening, first patients were questioned to rate presence and severity of symptoms in feet and/or legs, using a scale of 1 (mild) to 10 (severe) for both legs separately. Symptoms included pain, aching, or burning; a sensation of ''pins and needles" and numbness. The highest of the 3 scores were converted into a subjective PN grade, as follows: symptoms absent, grade 0; the score of 1-3, grade 1; the score of 4-6, grade 2; and score of 7-10, grade 3. Objective findings included in the BPNS were a loss of vibration perception and abnormal ankle deep tendon reflexes. Vibration perception was evaluated using a 128-Hz tuning fork, maximally struck and applied at the great toe distal interphalangeal joint of each foot. Vibration sense was defined and graded as normal or grade 0 for vibration felt for >10sec-onds, as mild loss or grade 1 for vibration felt for 6-10 seconds, as moderate loss or grade 2 for vibration felt for < 5 seconds, and as severe loss or grade 3 for no feeling of vibration. Ankle reflexes were tested using a reflex hammer and graded as follow (0: absent, 1: hypoactive, 2: normal, 3: hyperactive, 4: clonus). Based on PNS validation study, the presence of HIV-SN was defined when someone had both subjective neuropathy (grade, >0) and �1 abnormal finding bilaterally on physical examination. A neurologist randomly examined (3 patients/day/30 days on random visits) the previously evaluated patients by the trained physiotherapist using BPNS to ensure accuracy and all were concordant.
Data management and analysis
The collected data was re-checked for its completeness and entered into EPI info version 7.0 (Centres for Disease Control and prevention, USA) and then transferred to IBM Statistical Package for Social Sciences (SPSS) version 20.0 for Windows for statistical analysis. Descriptive statistics were examined to determine the representativeness of study sample to the research setting population during the study period in percentages, frequency, and margin of error. Formulas proposed by Cochrane [29] were used to calculate the normal approximation frequency [S1 File]. The magnitude and severity in relation to socio-demographic and health variables were analysed using descriptive analysis. HIV-SN was defined by the presence of symptoms and at least an abnormal perception of vibration or abnormal ankle reflexes or both and expressed as percentage of the study population.
With HIV-SN as the dependent variable (categorized; present or absent), bivariate and multivariate binary logistic regression analyses were executed to establish the association with different independent variables. Chi-square or appropriate Fisher's exact test was used to analyse prevalence distribution of HIV-SN and estimate its association with categorized independent variables. Independent variables included in the model were age, gender, height, weight, level of education, marital status, occupation, place of residence, duration of HIV, current and baseline CD4 count, ART regimen combination, duration on ART, and previous/history of TB regimen. Model fit was also assessed by described method [30] . Results were considered statistically significant when 95% confidence intervals not containing unity (equal to p-value < 0.05). Initially, bivariate analyses were conducted and independent variables that were found statistically significant were included in multivariate analysis. Crude and adjusted Odds Ratios (OR) together with its 95% Confidence Intervals (95%CI) was reported. Potential confounding variables were entered into the model as covariates and variability in association checked. When clear subgroups seemed present in the data, significance testing (Pearson χ 2 ) and, if appropriately sized subgroups per category remained, logistic regression were performed.
Results

Patient characteristics
A total of 359 adult PLHIV consented and participated in the study and this is more than 100% of the power calculated sample size (n = 326). Of the 359 participants majority of them 234 (65.2%) were females. The mean age, weight and height were 36.5 + 9.07 years, 55 + 10.4kg, 1.61 + 0.82m respectively. In addition to those who had registered (N = 2108), forty four unregistered HIV patients attended HIV care clinic for consultations during study period. The average age of the population (n = 2152) was 48 years. Nearly one fourth (26.5%) of them were underweight, almost two in five (40.4%) were married, almost a quarter (25.6%) of them were uneducated, 68(18.9%) were governmental employees, 314 (94.7%) were Orthodox Christian and the majority (94.7%) of them live in urban area. None of the patient had diabetes. Most of the subject (93.6%) self-reported no previous or current alcohol consumption and almost all (98.6%) subjects reported no history of smoking Table 1 . Except Pre-HAART participants 3.6%, the frequency of the remaining demographic and clinical variables of the research sample fell within the total population range (95% CI) and the research sample was determined to be representative of the research setting population (S1 File).
The median duration of HIV infection since diagnosed as on 31st March 2015 was 60 months (IQR; .The use of highly active antiretroviral therapy (HAART) was also 60 months (IQR; 
HIV-associated sensory neuropathy
Using BPNS tool, the prevalence of neuropathic symptoms was found to be 32.9% (118/359) and the most common were the sensation of aching and burning type of pain on leg/ feet ( Table 4 . Hence, age, height, history of TB medication, and DDI in HAART were found to be major predictors of HIV-SN in this study.
Discussion
The BPNS as an screening tool in examining HIV-SN in HIV-infected patients has been validated using physiologic (quantitative sensory threshold testing) and pathologic (epidermal nerve fiber density) testing as the gold standards [20] . Definition of HIV-SN consistent with BPNS tool is presence of both subjective and objective findings. However, the criteria of BPNS that a patient must have both self-reported neuropathic symptoms and clinical signs to be classified as HIV-SN may eventually result in omission of some patients with mild HIV-SN [31] . With this diagnostic criterion of BPNS tool, there are always chances for substantial underestimation of peripheral neuropathy (PN) [32] . Using BPNS screening and definition of HIV-SN used in the validation study, the prevalence of HIV-associated sensory neuropathy in our study participants was 24.5%. A study which used clinical criteria (signs and symptoms of neuropathy) along with more standardized electrophysiology studies reported that two-thirds of HIV-SN is subclinical [33] . This means even if an asymptomatic patient present with abnormal clinical signs relevant to HIV-SN may not fulfill the diagnostic criteria for HIV-SN as per the BPNS tool. Similarly, in our study [4] , [33] , [34] categorize this group as asymptomatic PN or early HIV-SN and also suggest that they are more likely to become symptomatic when exposed to risk factors. However, the most striking finding in this study is, if we are to combine both the group of patients identified with HIV-SN as per ACTG-BPSN definition and asymptomatic PN with relevant clinical sign, the prevalence of PN in our study will alarmingly rise to 70.2%. In addition, a further 10% PLHIV reported neuropathic pain with absences of objective findings indicating early HIV-SN and they are more likely to become symptomatic when challenged with other risks for HIV-SN. Which suggest that the prevalence will expand to near 80% and only a mere 20% patients seems to be unaffected with normal examination using BPNS tool. This method of identifying PN will surely reduce the chances of underestimation by BPNS tool and will improve chances of early detection of PN among HIV in the low resource setups like UOGH.
A study done among rural dwellers in Rwanda [15] reported a prevalence of 40% peripheral neuropathy from one rural district hospital. But, the Rwandan study used the Subjective Peripheral Neuropathy Screen (SPNS) that evaluates HIV-SN subjectively, unlike BPSN that evaluates signs objectively in addition to the subjective assessment. Furthermore, the prevalence found in this study is lower than studies done in Africa, such as Jimma, Ethiopia 34.6%, Nigeria 39% and Mombasa, Kenya 36% [18] , [25] , [27] , [35] . A similar prevalence was found in studies done in Douala, Cameron 21% [34] and in Tanzania 20.9% [36] . The possible reasons might be due to differences in methodologies, characteristics of study population, exposure to risk factors, sample size, intervening variables and unidentifiable environmental factors. Moreover, the prevalence of HIV-SN reported in this study falls lower than the range of 30 to 60% reported elsewhere. Even so, it is important to note that as much as 85% of HIVinfected patients in Ethiopia are on ART and aging (2) and some ARTs regimen along with other coexisting-risk factors are likely to influence the development of HIV-SN. Eventually, the prevalence of HIV-SN in Ethiopia is more likely to continue increasing. In contrast, factors like less ART-naïve patients, better managed HIV, and frequent screening for HIV-SN may result in decline of HIV-SN rate. Thus efforts are needed to frequently identify the prevalence of HIV-SN so as to develop cost-effective strategies to curb the burden. Similar to other studies [15] , [32] , [37] our study identified higher age (> 40 years) to be a predictor variable for developing HIV-SN. With the rapidly aging HIV population and improved life expectancy due to successful therapy may further increase the burden of HIV-SN and amplify the challenges in HIV therapeutics.
Our study confirms the clinical notion that HIV-SN in HIV infected patients is height dependent, with a small, but the consistently significant HIV-SN risk in taller HIV-infected patients. The height of > 170 cm was two times more likely to develop HIV-SN when compared with patients <170 cm [AOR = 2.144, 95% CI: 1.076, 4.269], which is consistent with other sub-Saharan studies [16] , [34] , [36] , [38] . Unlike other studies [17] , this study demonstrated no association between gender (men), weight and HIV-SN. Gender association deserves concern in future studies done in Ethiopia.
Low enrolment of PLHIV with a known history of diabetes, history of alcohol consumption and smoking had limited the power to evaluate their association and possible interaction effect of diabetes mellitus with HIV infection in our study where several other studies have suggested a strong association. Moreover, in resource-limited settings, diabetes is often not diagnosed early and the possibility of undiagnosed diabetes among PLHIV prevails. History of anti TB medication and concurrent use of ART was found to be strongly associated to HIV-SN in our study with isoniazid being the most common anti TB drug administered. Though isoniazid exposure is reported as risk factor elsewhere [34] , its sole association with HIV-SN is beyond the scope of the data set of this study.
In contrast to many studies [23] , [24] , [27] , this study found out that, HIV-SN with or without symptom did not associate with low CD4 counts or greater WHO stage of the disease. Limited enrolment of patients with low CD4 counts and the criteria to commence ART had been revised to CD4 count < 350 cells/mm 3 might be reasons behind it. Previous studies [25] , [26] also reported that after successful therapy neither CD4 count nor viral load suppression decreased the odds of developing peripheral neuropathy. Several studies [10] , [17] , [39] postulate D-drugs related mitochondrial toxicity as a cause of HIV-SN. The majority of our study population were on HAART for more than 6 years and previous exposure to stavudine may also have contributed.
A few limitations can be mentioned to benefit future research and the findings must be considered in the light of these limitations; this study includes its definition of SN which was chosen based on previous work validating the ACTG-BPNS but resulted in patients who had isolated neuropathic symptoms or asymptomatic signs being classified as neuropathy free. We were not able to distinguish DSP and ATN due to the limited enrolment of the pre-ART patient and a longitudinal design, unlike our cross-sectional design would enable us to determine temporal relationships. Furthermore, the non-availability of golden standard electrophysiological devices limited diagnostic accuracy. Despite these limitations, this study included a relatively larger representative sample of the clinical population, Ethiopia, which enhances external validity of results and provides a well-powered insight and estimate of prevalence of HIV-SN in resource limited settings.
Conclusions
HIV-SN was found to be highly prevalent among HIV infected patient at the University of Gondar Hospital, Ethiopia As the life expectancy of people with HIV increases the prevalence of HIV-SN will also increase, making it a major clinical issue and burden particularly in resource limited settings. It is known that managing neuropathic pain is a challenging problem in HIV infected. Hence, early detection of HIV-SN permits patient education, control of modifiable risk and confounding factors, and better chances of improvement with added choices of managements. Simple and validated neurological assessment tools to detect early HIV-SN or those at risk among all HIV patients should be used routinely. We found that the occurrence of HIV-SN increases with advanced age and height thereby necessitating early diagnosis in these risk groups. Physician's drug choice in HAART and the anti-tuberculosis regime shall consider the role of these drugs and possible association with HIV-SN especially in Sub-Saharan terrains.
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